ABSTRACT Two experiments were conducted with 36 adult White Leghorn roosters to determine the effect of previous intake of protein (Experiment 1) or purified cellulose (Experiment 2), body weight, and duration of starvation of the assay bird on the true metabolizable energy (TME) value of ground yellow corn. The mean TME value (± SE) of the corn was 4.06 ± .03 and 4.06 ± .04 kcal/g of dry matter in Experiment 1 and 2, respectively. Dietary levels of 10, 20, and 30% protein or 0, 7.5, and 15.0% supplementary cellulose, and body weight distribution had no significant (P>.05) effect on the TME value of the corn. Starvation for 12 hr before force feeding resulted in a significant (P<.05) decrease of 4% in the TME value of the corn, whereas fasting periods of 24 or 48 hr had no significant effect. It is suggested that the assay birds be paired on the basis of body weight and starved for a minimum period of 24 hr prior to force feeding to reduce the variation associated with the estimate of TME.
INTRODUCTION
The bioassay developed by Sibbald (1976a) to measure the true metabolizable energy (TME) value of feedstuffs involves the force feeding of adult roosters with the material under test and the total collection of excreta. Prior to an assay, birds of similar body weight are paired and starved to empty their digestive tracts. After a fast of 21 hr, one member of each pair of birds is force fed a sample (ca. 25 g) of the feedstuff and the second member of the pair is starved. The excreta voided by each bird during the following period of 24 hr is collected quantitatively, dried, weighed, and analyzed for gross energy content. The TME value of the feedstuff is calculated as the difference between gross energy of the feed intake and gross energy of the excreta of the fed bird after correction of the latter for metabolic fecal energy (FE m ) and endogenous urinary energy (UE e ). It is assumed that the excreta energy voided by the unfed bird provides a valid estimate of the FE m + UE e losses of the fed bird. The assay measures the TME value of a feedstuff when fed singly at 1 Present address: Department of Animal and Poultry Science, The University of Saskatchewan, Saskatoon, Saskatchewan S7N OWO, Canada. levels of intake below the maintenance requirement for energy. It is possible that the previous intake of protein and energy and the duration of the period of starvation prior to force feeding may influence the estimates of TME. Fritz et al. (1936) reported that the quantity of nitrogen excreted daily by adult roosters during a fast was related initially to the previous intake of protein until, on the third day of fasting, the influence of the previous diet had disappeared. Sibbald (1976b) observed that the quantity of gross energy excreted daily by adult roosters during a fast decreased with the duration of starvation. However, the extension of the period of starvation from 24 to 96 hr, by intervals of 24 hr, had no significant effect on the TME value of a laying hen diet.
The work described in this report was conducted to determine the effect of previous intake of protein and cellulose, body weight distribution of the assay bird and the duration of the period of starvation prior to force feeding on the TME value of corn. Apparent ME values were calculated. windowless room. Alternate cages were left vacant to minimize the possibility of cross contamination of excreta. Each cage was fitted with an individual feeder, and between assays feed and water were supplied ad libitum. Room lighting was controlled automatically to provide 14 hr of light and 10 hr of darkness.
MATERIALS AND METHODS

Experimental
The roosters used in Experiment 1 were 13 months of age. They were starved overnight and weighed to the nearest 10 g. Birds of similar body weight were paired and 6 pairs of heavy, medium, and light birds were selected. Two pairs of birds from each weight group were assigned to each of the three semipurified diets. The allocation of diets to pairs within a weight group was made on the basis of body weight to equalize the mean body weight of the birds among diets. The composition of the experimental diets is shown in Table 1 . Diets 1,2, and 3 were formulated to provide levels of 10, 20, and 30% of crude protein, respectively. Birds were allowed a period of 10 days to adapt to the diets before the start of the first assay. Fritz et al. (1936) have shown that a period of 3 days is sufficient to overcome any effect of the previous diet on nitrogen excretion in the adult rooster. The assay was repeated at intervals of 4 and 2 weeks to provide three replicates. Prior to an assay, each weight group was starved for 12, 24, or 48 hr, according to a 3 x 3 Latin square design involving body weight groups, fasting periods, and replicates, and then each bird was weighed. A sample of ground yellow corn was assayed for TME by the method described by Sibbald (1976a) .
The birds used in Experiment 2 were selected from the same population of roosters used in Experiment 1 and were 3 months older. The experimental design and method of assay of the corn meal were identical with those described for Experiment 1, except that the period of adaptation to the experimental diets was extended from 10 to 24 days and the interval between assays was 2 weeks. The composition of the basal diet (Diet 4) is shown in Table 1 . The basal diet was diluted with purified wood cellulose (Alpha-Floe) to provide levels of 0, 7.5, and 15.0% of supplementary cellulose. Analytical Methods. The excreta voided by each bird during the 24-hr period of assay was collected quantitatively, frozen, freeze-dried, allowed to come to equilibrium with atmospheric moisture, weighed, and finely ground. Samples of the excreta and corn meal were assayed for gross energy by bomb calorimetry and for nitrogen and moisture by the methods described by the AOAC (1970). Statistical Analysis. All data were analyzed by analysis of variance. The experimental design was a 3 X 3 Latin square with repeated measures (Winer, 1971) . Where significant treatment effects were demonstrated, NewmanKeuls' test was used to determine the significance of differences between means (Winer, 1971) .
RESULTS AND DISCUSSION
Experiment 1. The mean daily intake of the diets and the mean body weight of roosters at the start of the experiment are given in Table 2 and 3, respectively. Similar levels of intake were observed for the medium and high protein diets (Table 2 ), but they did not result in similar gains in body weight (Table 3) . The mean body weight of birds fed the high protein diet remained constant. In contrast, birds given the medium protein diet exhibited a small (1.4%) but significant (P<.05) increase in body weight. The weight gain of birds fed the low protein diet was less than 1% and nonsignificant (P>.05). The different gains in body weight may be related in part to the differences in the ratio of apparent metabolizable energy (AME), expressed as kcal per kg of diet, to the percentage of crude protein in the diets (Table  1 ). The energy:protein ratios of the low, medium, and high protein diets were 347, 177, and 119, respectively.
The extension of the fasting period from 12 to 24 hr caused a significant (P<.05) decrease in body weight. The loss in body weight may be related in part to the emptying of the digestive tract and in part to the depletion of energy and protein reserves during fasting.
The mean body weight of birds decreased during the period of adaptation, increased during the interval between replicate 1 and 2 and was constant for replicate 2 and 3. The main effect of replication was highly significant (P<.001).
The effect of treatments on the excretion of gross energy by roosters force fed corn meal or starved and on the TME value of the corn is shown in Table 4 . It was observed that the output of excreta energy by fed and unfed birds was directly related to the previous intake of protein. However, the effect of dietary protein intake on the excreta energy output of the unfed bird was greater and highly significant (P<.001) as compared to the response of the fed bird which was relatively small and nonsignificant. The relative changes in excreta energy output with dietary protein level are shown in parentheses. The differential response of the fed and unfed birds resulted in a small but nonsignificant increase in the TME value of the corn and may be related to the sparing effect of the corn on the utilization of energy and labile protein reserves (Munro, 1951) .
The excreta energy output of the fed and unfed birds decreased significantly (P<.05) in response to extension of the fasting period from 12 to 24 hr. An additional fast of 24 hr resulted in a smaller and nonsignificant decrease in the excreta energy output of the fed bird and a slight increase in the excreta energy output of the unfed bird. The extension of the fasting period from 12 to 24 hr or 48 hr was associated with increases of 1.5 and 3.8%, respectively, in the TME value of the corn. The difference between the 12 and 48-hr fast in the TME values was significant (P<.05). The output of excreta energy by roosters was found to vary with body weight. The heavy group of fed and unfed birds excreted significantly (P<.05) more gross energy than the medium and light groups. This effect was in part a reflection of the bias in body weight distribution between groups. The difference in mean body weight between the medium and light group was only .13 kg, whereas the heavy group weighed .30 kg more than the medium group. Since the assay of TME involved the pairing of birds of similar body weight (Sibbald, 1976a) , the TME value of the corn was not significantly affected by the body weight distribution.
The effect of treatments on the excretion of nitrogen by roosters force fed corn meal or starved is shown in Table 5 . A comparison of the data presented in Table 4 and 5 indicated that nitrogen and gross energy output were directly related and this was confirmed by correlation analysis. The correlation coefficients (r) between nitrogen and gross energy output for the fed (r = .61) and unfed (r = .83) birds were highly significant (P<.01). The data indicated that the quantity of nitrogen and gross energy excreted by fed and unfed birds was related to the previous intake of protein, the duration of starvation prior to force feeding, and the body weight distribution.
It was noted previously that protein intake had a much greater effect on the excreta energy output of the unfed bird as compared to the fed bird (Table 4 ). In contrast, the increments in nitrogen output in response to increases in protein intake were approximately equal for the fed and unfed birds (Table 5) .
It was observed that replicate 1 was associated with greater outputs of nitrogen and gross energy than replicate 2 and 3 (Table 4 and 5). The nitrogen output of the fed and unfed birds decreased by about 18 and 8%, respectively, from replicate 1 to 2 and was constant for replicate 2 and 3. The response may reflect a metabolic adaptation to the program of feeding and fasting or to changes in the physiological state of the birds. The roosters were observed to pass through a partial molt during the initial half of the experiment. Ackerson et al. (1926) reported that the excretion of endogenous nitrogen by mature hens was increased during a molt.
Experiment 2. The mean daily intake of the medium and high cellulose diet was greater by 1 and 3%, respectively, than the intake of the low cellulose diet (Table 2 ). It is evident that the birds failed to adjust their feed intake to compensate for the dilution in the energy concentration of the diets with cellulose. The lack of response was not expected, since birds fed the same diets in a preliminary trial did adapt their feed intake to maintain a constant level of energy intake.
All diets were associated with a decrease in body weight, but the weight losses were small (1 to 2%) and nonsignificant (Table 3 ). It was found that weight losses were greatest during the period of adaptation and were proportional to the duration of the fasting period. A similar response to fasting was observed in Experiment 1. The effect of treatments on the excreta energy output of roosters force fed corn meal or starved and on the TME value of the corn is shown in Table 6 . Two of the unfed birds previously given the low cellulose diet and then fasted for 12 hr excreted considerably more gross energy than their force-fed partners. This discrepancy resulted in TME values which exceeded the gross energy content of the corn. The inconsistent values were omitted from the data and replaced by the value obtained for the unfed bird of the second pair within the cells. The effects of previous intake of cellulose, body weight distribution, and replication on excreta energy losses and TME values were nonsignificant.
It was observed that the fed and unfed birds excreted significantly (P<.05) more gross energy following a fast of 12 hr than after fasting for 24 or 48 hr (Table 6 ). The greater outputs of excreta energy were associated with a significant (P<.05) decrease of 3.8% in the TME value of the corn. A similar response to fasting was observed in Experiment 1 (Table 4) . Fasting periods of 12, 24, and 48 hr before force feeding resulted in mean TME values of 3.99, 4.05, and 4.14 kcal/g, respectively, in Experiment 1 and for the same periods in Experiment 2, mean TME values of 3.96, 4.12, and 4.12 kcal/g. The data indicate that fasting periods of less than 24 hr resulted in a significant (P<.05) decrease in the TME value of the corn and that starvation for periods of 24 or 48 hr had no significant effect. The results of this study are in agreement with the report of Sibbald (1976b) . He observed that the quantity of gross energy excreted daily by adult roosters during a fast decreased with the duration of starvation. However, the extension of the fasting period from 24 to 96 hr, by intervals of 24 hr, had no significant effect on the TME value of a laying hen diet.
The mean TME value (± SE) of the corn was 4.06 ± .03 and 4.06 ± .04 kcal/g of dry matter in Experiment 1 and 2, respectively. Sibbald (1977) reported that the TME values of 16 samples of yellow corn ranged between 3.98 and 4,32 kcal/g of dry matter, with a mean value of 4.12 kcal/g. It appears that the TME values of feedstuffs are reproducible within and between laboratories and are not significantly affected by the previous diet.
It may be concluded that the previous intake of protein or purified cellulose, and body weight distribution of the assay bird had no significant effect on the TME value of corn. Fasting periods of less than 24 hr before force feeding resulted in a significant (P<.05) decrease in the TME value of corn, whereas starvation for periods of 24 or 48 hr had no significant effect. It is suggested that the assay birds be paired on the basis of body weight and starved for a minimum period of 24 hr prior to force feeding to reduce the variation associated with the estimate of TME.
